Abstract.
Introduction
Transfer reactions have been widely used for the exploration of the nuclear structure, thanks to their strong selectivity in selecting specific degrees of freedom of the nuclear system [1] [2] [3] . One can mention for example the well established connection between one-nucleon transfer cross sections and single-particle configurations of the nuclear states. In analogy, a relation between two-nucleon transfer probabilities and pairing correlations in nuclei is also expected.
However the extraction of structure information from two-nucleon transfer cross-sections is not straightforward, especially when dealing with heavy-ions. This is due both to experimental difficulties to measure excitation energy spectra at high resolution and in a large angular range, in order to extract angular distributions, and also to the complex interpretation of the data. For example the use of optical potential extracted from fits of elastic scattering data often fails in describing transfer cross-sections. Moreover one should take into account the coupling with inelastic excitations (coupled-channels corrections) and the contribution of a multistep route involving two successive single-neutron transfer, which introduce couplings with intermediate partitions.
As a consequence, the analyses present in literature required the use of arbitrary scaling factor, often called "unhappiness factor", much larger that one and even as high as hundreds to reproduce the experimental angular distributions [4, 5] . reaction at 84 MeV incident energy. The use of the São Paulo double folding potential in an extreme cluster model, where the two transferred neutrons are coupled anti-parallel and the relative motion is frozen allows to reproduce in a reasonable way the observed cross-section and the oscillatory pattern of the angular distributions. Taking into account the interference effects between the direct and sequential mechanisms, the agreement improves, allowing for the first time the description of heavy-ion transfer cross-section without the need of any arbitrary scaling factor.
The Experiment
The experiment was carried out at the INFN-LNS laboratory in Catania. A beam of 18 O 6+ ions was accelerated at 84 MeV incident energy by the Tandem Van de Graaff.
A 99% enriched 49 µg/cm 2 self supporting target of 12 C was used. The 16 O ejectiles produced in the collisions were momentum analyzed by the MAGNEX spectrometer [6] , working in full acceptance mode (Ω ~ 50 msr solid angle and ∆p/p ~ 24% momentum acceptance). The experiment was performed at four angular setting, with the spectrometer optical axis centered at 6°, 12°, 18° and 24°, covering each time an aperture of about 12°, thus guaranteeing about 6° angular overlaps. The magnetic fields were set in order to accept the Oxygen ions with charge state between 5 + and 8
The lower charge states correspond to less energetic particles transmitted through the accepted magnetic rigidity interval.
The reaction ejectiles were detected and identified by the focal plane detector (FPD) [7, 8] through the simultaneous measurement of their position and angle, the energy loss in the gas section and the residual energy on the wall of 54 silicon pad detectors mounted at the end of the FPD. The data reduction technique [9] and the performances of the whole system are described in Refs. [10] [11] [12] .
The absolute cross section angular distribution for the transition 12 C( 18 O, 16 O) 14 C g.s. is shown in Figure 1 . It exhibits a pronounced oscillating pattern, characteristic of the well known L = 0 angular momentum transfer.
DWBA analysis of the angular distribution
We performed Exact Finite Range (EFR) Distorted Wave Born Approximation (DWBA) cross-section calculations of the 18 O + 12 C → 16 O + 14 C transitions using the FRESCO code [13] . Both the direct transfer of a cluster of two neutrons coupled with spin S = 0 and the sequential transfer of the two neutrons, introducing the intermediate partition 13 C + 17 O, were calculated. The São Paulo double folding potential (SPP) was used as real part in the optical model [14] . The matter diffuseness for the 18 O and 17 O nuclei was taken by Refs. [15, 16] . The imaginary part of the optical potential was built with the SPP shape. The wave functions used in the form factor calculations were generated by a Woods-Saxon potential, whose depth was adjusted to fit the experimental oneand two-neutron separation energies.
Shell model calculations were also performed in order to provide the spectroscopic amplitudes in the 1p 1/2 , 1d 5/2 and 2s 1/2 model space. In particular, a spectroscopic factor of 0.83 is predicted for the 12 The direct DWBA calculation of Fig. 1 , made taking into account the spectroscopic factors, gives a quite good description of the order of magnitude of the experimental cross-section, without the need of any arbitrary scaling factor. The sequential transfer, instead, underestimates the measured crosssection even of one order of magnitude at large angles, while it appears stronger at small angles.
The present analysis shows that in the 12 C( 18 O, 16 O) 14 Cg.s. transition, the direct transfer of a pair of neutrons is dominant compared to the successive (two-step) processes. The presence of neutronneutron correlations in the 18 O ground state determines a sizable amount of cluster configurations in the ground state wave function of 14 C populated by the ( 18 O, 16 O) reaction, similarly to what happens in the transfer of more tightly bound systems such as α particles. Other works, for instance the one of Ref. [17] , have discussed the effects of the simultaneous and sequential two-neutron transfer even with different results. However one should notice that in those cases, the colliding systems (e.g. 16 O + 208 Pb) were two closed shell nuclei and did not have a preformed pair of neutrons in the initial wave functions. Thus the dominance of a pair transfer in those systems is not foreseen.
In the present data, the coherent sum of the two processes, accounting for an arbitrary phase shift linearly depending on the scattering angle, was also performed and is shown in Figure 1 . The dependence of the phase shift δ on the angle has been extracted in order to fit the experimental data. The result is a destructive interference at small angles that slowly becomes constructive at large angles. The value of the phase shift decreases in the explored angular region from δ = 180° to δ = 70°.
The present approach represents a simple way to estimate the effects to be expected from a fully coherent treatment. One should notice that, according to the perturbative formalism of two-particle transfer, the total transition amplitude up to second order should contain also the full contribution due to the non-orthogonality terms between the states of initial, intermediate and final partitions [1] . Such a complete treatment, developed for example for (p,t) reactions in Ref. [18] , is missing in the present case, where different model spaces were used in the direct and sequential calculations.
In addition, the coupling to the inelastic channels, neglected in the present DWBA approach, are known to play an important role in describing heavy-ion transfer reactions [4] . The performance of complete Coupled Reaction Channel calculations is the next step of this study [19] .
